The anemia of chronic disease (ACD) is defined as a mild anemia associated with a chronic inflammatory, infectious or neoplastic illness and with a characteristic disturbance of iron metabolism. 2 The most consistent features are low serum iron and normal or increased serum ferritin levels, reflecting normal or increased iron stores in patients with ACD. 3, 4 Conventional laboratory indices of iron status include serum iron, transferrin, total iron binding capacity, transferrin saturation, and ferritin. Although each of these measurements has merit, no single determination gives a reliable index of iron status. 5, 6 Hepcidin is a liver-made cysteine-rich cationic peptide proposed to be a central regulator of intestinal iron absorption and iron recycling by macrophages. 7, 8 The inducibility of hepcidin by inflammatory stimulus suggested that hepcidin, by limiting iron export from macrophages, could have a key role in anemia of inflammation. 9, 10 Levels of hepcidin and its prohormone, prohepcidin were found to be increased during inflammation, which resulted in decrease in iron absorption and retention of iron in macrophages, decrease in serum iron, eventually causing ACD. 10, 11 It was reported that the serum hepcidin level may distinguish anaemia due to chronic inflammation and/or iron deficiency in RA patients. 12 The aim of this study was to examine the role and significance of hepcidin and its prohormone, prohepcidin on the development of ACD which is frequently seen in patients with RA, and the possible utilization of serum prohepcidin and hepcidin levels in the differential diagnosis of ACD.
MATERIAL AND METHODS

STUDY DESIGN
The study has been approved by the institutional review board and subjects have given their informed consents. The study was carried out in accordance with the World Medical Association Declaration of Helsinki. RA was defined according to the American College of Rheumatology criteria of 1987.
Fifty patients with RA (43 males and 7 females; mean age 41.30±8.12 years) and 20 healthy adults as a control group (12 males and 8 females; mean age 31.75±10.77 years) were prospectively enrolled. RA patients were also divided into two groups according to disease activity as "Active-RA group" consisting of 29 patients (22 males and 7 females; mean age 32.37±7.00 years) and the "Inactive-RA group" consisting of 21 patients (19 males and 2 females; mean age 33.00±9.20 years). Baseline characteristics of patients with RA and the healthy controls are shown in Table 1 .
Complete blood count, erythrocyte sedimentation rate (ESR), serum hepcidin, prohepcidin, iron, total iron binding capacity (TIBC), ferritin, transferrin, and C-reactive protein (CRP) levels were measured. The normal ranges were 50 to 170 µg/dL for serum iron, 120-420 µg/dL for TIBC, 192 to 282 mg/dL for serum transferrin, and 15 to 150 ng/ml for serum ferritin. RA disease activity was measured with the CRP and ESR. A CRP >3.2 and an ESR >20 mm/h suggested active disease. Accordingly, the "Active-RA group" and the "Inactive-RA group" were identified.
Blood samples were divided into two tubes (a tube with an anticoagulant-EDTA and without an anticoagulant) from the patients and control groups in the morning at the end of 12-14 hours of fasting. 
DEFINITION OF ANEMIA
Anemia was defined by a hemoglobin (Hb) concentration <13.0 g/dL in males and <12.0 g/dL in females. 13 According to the World Health Organization (WHO), mild anemia corresponds to a Hb ≥9.5 g/dl, moderate anemia to a Hb ≥8 but <9.5 g/dl, and severe anemia to a Hb <8.0 g/dl. The diagnosis of ACD required the presence of reduced transferrin saturation (<16 %), normal/reduced serum transferrin with normal/high serum ferritin (>100 ng/ml). 14 Patients were not eligible for the study if other conditions which could cause anemia or interfere with erythropoiesis were present (malignancy, previous chemotherapy or radiotherapy, connective tissue diseases, infections, other inflammatory diseases).
STATISTICAL ANALYSIS
The s statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS, Version 18.0, Chicago, IL, USA). The results were expressed as mean± standard deviation (SD) and median (min-max) for non-parametric tests. The comparisons between two groups were done using Mann-Whitney U test. Parametrics were performed using the independent-samples t test. Correlation analysis was performed using Pearson correlation coefficient. p values of <0.05 were considered to indicate statistical significance.
RESULTS
Serum prohepcidin levels in RA group (265±44 mg/dL) were significantly higher than those healthy controls (123±18 mg/dL) (p=0.010). In patients with RA, a positive correlation was determined between the serum hepcidin and prohepcidin levels (r=0.725, p<0.001).
Serum prohepcidin levels in active-RA group (356±94 mg/dL) was significantly higher than inactive-RA group (276±89 mg/dL) (p=0.048) ( Table  2 ).
Serum hepcidin levels in RA group (91±70 mg/dL) were significantly higher than healthy controls (45.3±10 mg/dL) (p=0.010) ( Table 1) . Serum hepcidin levels in active-RA group (109±53 mg/dL) was significantly higher than inactive-RA group (79±21 mg/dL) (p=0.039) ( 
DISCUSSION
Our data mainly suggest that serum hepcidin and prohepcidin levels are significantly higher in patients with RA compared to the healthy controls.
Hepcidin, a small cysteine-rich peptide, 14,15 can affect both inflammation and red blood cell kinetics in health and disease. 10, 16 It is exclusively produced in the liver and it circulates in plasma, consistent with its postulated role as a hormone involved in iron homeostasis. 17, 18 Further, hepcidin mRNA expression is increased in response to inflammatory stimulus such as lipopolysaccharides and infection. 19 Although it has not yet been shown to interact with proteins of iron transport, its apparent activity suggests that hepcidin directly regulates the iron transport machinery. 20 Nemeth et al. indicated that in acute inflammation, urinary hepcidin excretion is increased when compared to the control group. 10 Małyszko et al. 23, 24 Hepcidin levels increased in patients with active RA when compared to patients with inactive RA.
14 All of these data suggest that hepcidin plays an important role in inflammatory conditions. The role of hepcidin becomes particularly important in anemia of inflammation. In our study, the highest serum hepcidin and prohepcidin levels were observed in RA patients. In addition, patients with RA had higher serum hepcidin and prohepcidin levels compared to the healthy controls.
It was reported that hepcidin production increased in case of iron load, 7, 10 and decreased in rats fed with low iron. 19 In clinical studies, urinary hepcidin 10 and serum prohepcidin 14 levels were shown to be high in ACD group in comparison to healthy control group. In our study, prohepcidin and hepcidin levels were higher in RA patients compared to healthy control group. Serum transferrin level was reported to be more useful than serum iron level and total iron binding capacity in measuring the body iron status. Kohgo et al., in their study, indicated that serum soluble transferrin receptor level reflected the cellular iron shortage, and could be used in differential diagnosis of ACD and iron deficiency anemia (IDA). 25 In our study, serum transferrin levels in RA group were significantly lower than the healthy controls.
Serum ferritin levels are normal or increased in ACD. Serum ferritin level increases as acute phase reactant in RA. Hepcidin is known to be closely associated and positively correlated with ferritin, 10, 22, 26 but there are also reports of correlation between prohepcidin and ferritin levels. 21, [27] [28] [29] A positive correlation was demonstrated between serum prohepcidin and ferritin levels in chronic renal failure. 21 Furthermore, Nagashima et al. reported that serum prohepcidin levels negatively correlated with ferritin levels in patients with viral hepatitis C, while this correlation was positive in patients with viral hepatitis B and healthy controls. 27 On the other hand, in other studies, serum prohepcidin levels were reported as unrelated with ferritin or other iron parameters. [28] [29] [30] In our study, a negative correlation was demonstrated between serum prohepcidin and ferritin levels in the RA group. A positive correlation was demonstrated among serum ferritin, CRP levels and ESR rates in the active-RA group.
Literature data point to raised C-reactive protein (CRP) concentration as a marker of systemic inflammation in RA patients. 23 In our study, serum CRP levels in active RA group were significantly higher than the healthy controls.
Normally, most of iron used for erythropoiesis is recovered from the degradation of red blood cells by reticuloendothelial macrophages. Infection, malignancy, and chronic inflammation all may result in inefficient macrophage iron release and subnormal intestinal iron absorption, contributing to the anemia of chronic disease. Classically, chronic disease anemia is associated with low serum iron and TIBC and high or normal serum ferritin levels. 2 In the present RA patients, serum iron status was consistent with these classical data, however TIBC was not significantly different when compared to healthy controls. Iron dynamics during the complicated course of RA seems to be chaotic. Chronic disease anemia may not only be normochromicnormocytic it may also have hypochromic-microcytic or normocytic features. 31 Our active-RA group had significantly lower serum iron levels and MCV compared to inactive-RA group and healthy controls. Vreugdenhil et al. have shown that the anemia was normochromic-normocytic in 60% and hypochromic-normocytic in 30% of those with chronic disease anemia. 31 Differentiation between iron deficiency and chronic disease anemia can sometimes be difficult, especially when they coexist. Vreugdenhil et al. have also demonstrated that frequency of iron deficiency detected by stainable bone marrow were over 50% and 52% in anemic RA patients. 31, 32 These data suggest that hepcidin is an important pathogenetic marker in pathobiology of anemia in RA patients. In our study, in addition to hepcidin, we found that the serum iron level was a significant predictor for hemoglobin level in all RA patients. This study has some limitations. In inflammatory diseases, ACD is due to poor intake and/or absorption and increased loss of iron, and therefore, it may be difficult to differentiate between ACD and IDA. 3 The serum transferrin receptor may be a better indicator to distinguish between ACD and IDA. The limitation of our study was that we were unable to analyze the transferrin receptor in the participants. The hemochromatosis gene is an upstream regulator of hepcidin, and it could influence the prohepcidin levels in some individuals, and lack of determination of the hemochromatosis gene mutation status may be second limitation of this study. It should not be forgotten that ACD is a complex phenomenon and hepcidin and prohepcidin are not the only molecules playing role in this condition. Numerous cytokines, particularly TNF-α, which does not induce hepcidin m-RNA, can play an important role in patients with ACD.
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CONCLUSIONS
In conclusion, our findings suggest that hepcidin and prohepcidin are strongly associated with disease activity in RA patients and might play significant roles in the pathobiology of ACD associated with RA. Future studies to determine serum levels of hepcidin at different time points during the clinical course of RA patients will be needed to confirm our results. Moreover, inflammatory cytokines which can induce hepcidin synthesis, such as IL-6, and serum erythropoietin levels should also be investigated concurrently to determine the exact mechanisms underlying the contribution of hepcidin in the crossroad of anemia and inflammation associated with RA.
